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: METHOD FOR ACHIEVING IMPROVED EPITAXY QUALITY 
(SURFACE TEXTURE AND DEFECT DENSITY) ON FREE-STANDING (ALUMINUM, INDIUM, GALLIUM) 
NITRIDE (Ul, In, Ga)N)SUBSTRATES FOR OPTO-ELECTRONIC AND ELECTRONIC DEVICES) 

A III — V nitride homoep i tax i a 1 microelectronic 
device structure comprising a I 1 1 — V nitride 
homoep i tax i a 1 epi layer on a I 1 1 — V nitride 
material substrate, e.g., of freestanding 
character. Various processing techniques are 
described, including a method of forming a I I I — V 
nitride homoep i taxi a 1 layer on a corresponding 
1 1 I - V nitride material substrate, by depositing 
the III — V nitride homoep i tax i a 1 layer by a VPE 
process using Group III source material and 
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&*L#<yi#5-f- : METHOD FOR ACHIEVING IMPROVED EPITAXY QUALITY 

(SURFACE TEXTURE AND DEFECT DENSITY) ON FREE-STANDING (ALUMINUM, INDIUM, GALLIUM) 
NITRIDE ((Al, In, Ga)N)SUBSTRATES FOR OPTO-ELECTRONIC AND ELECTRONIC DEVICES) 

nitrogen source material under process conditions 
including V/III ratio in a range of from about 1 
to about 10 5 , nitrogen source material partial 
pressure in a range of from about 1 to about 1 0 3 
torr, growth temperature in a range of from about 
500 to about 1250 degrees Celsius, and growth rate 
in a range of from about 0.1 to about 500 microns 
per hour. The 1 1 1 — V nitride homoep i t ax i a 1 
microelectronic device structures are usefully 
employed in device applications such as UV LEDs, 
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I ■ METHOD FOR ACHIEVING IMPROVED EPITAXY QUALITY 

(SURFACE TEXTURE AND DEFECT DENSITY) ON FREE-STANDING (ALUMINUM, INDIUM, GALLIUM) 
NITRIDE ((Al, In, Ga)N)SUBSTRATES FOR OPTO-ELECTRON I C AND ELECTRONIC DEVICES) 



high electron mobility transistors, and the like 
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[54i« m ■■ mf&mytm&MTm.mmz.mttmik c«s - m * so c c a i . i n - 

G a ) N ] SfgJ4«fflfcAilAA9l (&BMSftfi&lftfigtt&) 
METHOD FOR ACHIEVING IMPROVED EPITAXY QUALITY 
(SURFACE TEXTURE AND DEFECT DENSITY) ON 
FREE-STANDING (ALUMINUM, INDIUM, GALUUM) 
NITRIDE ((A1,ln,Ga)N) SUBSTRATES FOR 
OPTO-ELECTRONIC AND ELECTRONIC DEVICES 
[2A)f$mm%f- 090115729 [22]^ffBM = 't'ISi 90^(2001) 06/3 28 0 

[30]9 % W. • [31]09/605,195 [32)2000/06/28 [33]HS 
[72]S m A = 

imm s. w®. mm *« m. *h «s 

«?&r. m^mm mm mm& mm 

mmwp. was mm ee& e. WigaiB mm 

[71]$»A : 



m£>fc»#*4;ftjKS*m • Hvpe 
K«C««fFfefiSv/injt«S§iRii M«j 

10 s . mmtimfrmmsmimmiv 

i25o°c • £m£.mmm$mm o.i w. 
x/'bmmm 500 wt*//hm2m 
m • 

& in v jR^tti^ffii A»€a^-a 

glg^-g-AlN ' AlInN . AlGaN • 
AlInGaN • InN » InGaN 25. GaN |§.J5g 



5. in-v M'fb^w^s^feassc^s 
<s • 

m-v «wb«i«3iBfSfift wscs;«* 
io. 6.$n*ifisf ij$s@3i i > 

m-v jRjb«P»«*«K&»S£^*« 
& m-v ttfbtwmSlS&SSKSiK 
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a • 

m^mtmkm iooo mm i25o°c 
lo.m^mmmmmm 1 > g 

i050°c - 

n.m^mmmmm 1 • & 
^m±M&mmmmu iosoic - 
i2.$n*if*fij®H^ i Tszjsm > n 

n.tm^mmmmm i ws^Sc » & 

in-v m<b W^S^MSr^ 

^i®IIfrigv/nijtfe*() io' m 
^io 5 • 

fttMttfl^jfi v/iii Jt*»l5 
io 4 » 

i7.$n^if m mmm i sa^j* > n 

i&5 X io< . 20 M 

m 400 j£5 . ^gfflsm^ iooo m 
ft 1 150°C > fiUS^JWfSAft 0.5 £ 
»io«*//j>i». 

efjR VPE ^rSfe-^ MOVPE - 

i9.$n*itwfij®a^ i m^ysm^ » 

4 , e*E*W»e(000i) • (oooi)x 

x « mm m » la # £ a *b * 3? a 



it ■ 

2o.$p^it^fij^fflm i mzjsm >j& 
(iToo)x*fef!lia^^lig¥a: B H B ffi« 

5. ^|PJ1± • 

GaN wg&k&mwsm 

22. fc]*i|HtflJ«HS& 1 • 3t 
10. ^RS^GaNj^gMftiJCflt 

23. pnf$mmmmm i > x 

(HK VPE ;£r HVPE » 

24. $n^it »f wan i jgai^s • « 
is. tfig m- v mtvattmmmtM$m± 

20. (c)£mmmmmmm±Mftmv>> ; 

WM^IfcRiJEflfeflBtfiJ* m-v «wt 

(e)«ife^eijcs^«^s§ m-v mt 

25. ftHKMMStgjMR&PrftlMg 

(vm&mwi m-v jMbmn am 

30. gfcfi, ; JJtR 

25. $n^it»fij|g@^24^a:^ffi - x 
35. S&tt£»E£$tt i mm iooo . 

ftmrnmis® i s«u iooo #s . ft 
nmmsmwm io looo-ca: 

40. Rtdat-ie^fflaifi^RjifflfigKiffl 
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26.ffl*BWPRI*BI»24Jfi2^ft • n 

mmmmmft-m ioo m^j 4oo°c £sb 

Sit - M, - M, - %. ■* - llMbiOfc. 

« m-v mitmrnm^m^mm. 

i«;«liB*waffl*^ifiitt«*(oooi) 
AM- 

*«J»£«Wftra*<oooi) ft o. l 

29. pnmmmmmmm i gi^s • ft 

m-v Mmmnm&mvmm 

<ii2o>j]fa2.umy5\»i2.m.mw 
± • 

30. $n*W*fiJ»gffl^ i • ft 

m-v flKbfbign AMffi^n 

< 1 0 1 0>?5ft2.ffimJ5ft2.UmW 

n.m*mmmmm i - ft 

tf»K m-v *tfb&|S|9|g&fl|ffi$*& 
<i i2o>ie<ioio>iBittftro;£fa£iJC 

32. $n*if^fijf6H^ i ft 
« m-v feff^ttSSfelftffllK 

33. t®f$mmmmm i • ft 

tp& m-v JMb^ttSfim&iftBt 
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M ° 

34. tiu^mm^mmm i mzism • ft 
+ts m-v M,{tmt&&mmmm 

5. &° 

35. m#mmmmmm i mzism - ft 

m-v mmmmmmnmmm 

10. 36.$P^|f^f IJfgg^ 1 3g£;&ifc • ft 

tpM m-v M«tJM«S*l£tfL« 

37.$n* n vpjffm i igzjsm - ft 
15. *m m-v b«m^isKtt9DK 

z%.tmnmmmmm i gt£2?& • ft 

<pm m-v fefcfettfffl^glE?^ 

RIB 

20. 39.M^mmmmm i • ft . 

4o.$n*swf u^fflm i js^s > ft 
25. m-^fcjg^Rijiiai^KSsjD* 

*i.mmwMmm i » ft 

42. $n*»*f ij^h^ i . ft 
30. s--M^fn£»fimBs • 

43. m*mwmm*42*zjm • ft 

35. 44>tt$||lCTjttHg42]B££& ' ft 

4s.ai*iMPfii«iisii42«^ac . ft 

40. M ' 
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&^mmm m-v m^irihiiihJi 

48. $n*w¥TOgii47«^^ • n 

ie^H a H^^Eie(Al » In > Ga)N^fb^r 

% ° 

49. $n^ft mmmmm 1 • x 

fe^^OT m-v JMbttiqKMfli 

w • %j3gA4>MS£££?n:at 

fe^K^a m-v mtvommm&m 

mmmjmm±to m-v swb^ra 
siwrn'mmmmm i js^s > x 

£ m-v ftfcraraM2¥«Hb 

53. $D$gj|*?ijttB$ i » X 

54. $n*ISWiJ|gH^ l ^t£?m • £ 

55. $n*ff ¥fiJfgfflm i strife - K 



8 

se.m^mmmmm i > a 

g m-v fcMbf&TOS ASK 5 ! 2 *!: 

5. m^mmm^.M - 

io. swQmwMMmxmzjsm > x 

59. a]*iimepj«B*569i2:^is » k 
15. «#«S3IBI^WS§S[E69^fi • 

60. $n^ff«fij®Hn i mzjim > * 

m-v ftfl^HWMNUXSf 
jKiii-v «Wb«&#»gs«*gfe^ 

GaN • 

20. 6i.$n$ it i mzjsm ■ n 
*m m-v mitvommm&mmnm 

01 m-v 

AlGaN ° 

62.§D*!f»flJffi@ll 1 ' 3t 

25. *Rin-v«fbfc|3!MAHfl£S 
flgin-v «fb«J*m»E=&g'6A 

AlInGaN • 

30. AJlttlff HVPE - 
gin . 

65.$o$i»3»fij$§Bjg 1 > ^ 

35. 4>gE3fc&k«££5£GaN , ^jgjfe 

iffiSIlflSI AlGaN • InGaNR 
AlInGaN > InN > GaN • AlNjUMfft 

40. ee.M^m mrnmmm i ®fc&i£ - * 
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^j&-a ni-v twb*ra Jtiw^ 

wmnm vpe m»m-v mm 
mmm&m • &f ass^sca^ io. 

69.— aK»mn-v«Mbtt«rtBHHgjb 15. 
m-v *Mb*&raWM«2. 

mmmm vpe m-v mt 

«W»-«*«K*»600TC^»flE 20. 

m-«iaaa«*«E»m-vJMb« 25. 

mk&mttm • fi*«tff mas* 

S*mJ*R***m* vpe 

K£&££££M£M&tt s l £ 30. 
Hf-fb ' ^^^W*^© 3 ?*^^ 

b.M»a iooo mrnkTzmsM 35. 

W » 

® : JSJIS. 

d.ioA«^M«H® > J^ffi^RIKM 40. 
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7 1 . -as* m mm^mmm- vmm 
mmmwL±Mm m-v mmnmm 
Mttm - Q-smm m 

tt&&JKSl*mil hvpe 
HJaiS$MKTiJE|i: m-v »fb^lH W 
&AJB • ^FLm^P^M#®«tt 

ssrewEHb • 

72. -«»»jB*»laKfl9in.vfMb«l 
«&*4S<fi_hJ£fifc-ffl m-v £Mb^N 

IS^MIltfii VPE ^^?Jl 
«m-v-«Wb!»lRUHIJIi« > 

3SKfe^FS(Al > In . Ga)N . 

<bFS(Al • In > Ga)Ng^#^J&^ 
SMb&JB • JStR»»IWS**»* 

73. -iKlfI*g»ni-v«it» 
«l«a616±^«— a m-v ttfb^lRl 

8tmJU&«*tt*Hf vpe ^Stft 
flHn-vfMb»RWM)i • 

mm&mmm • {a^gB^^a 
mmm^Mnm^m 

£Jt4>ttHK&tt • 

74. -«m-vj!Wb«&|3IWSft0« - IS 

ggAIN > AlInN > AlGaN > 
AlInCaN > InN > InGaNRGaN j|U£ 
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mmm > mmmw-ysm^m ie6 
^•m-v mit^nnm^m^ fs m- 

AlGaN • 

79. -am-vj|^ftirMflNHHK 

mm®. • ^-m-v^b^m©^ 

m-v ftfcfeftftS A£3 AIRffi& 

A1N . AlInN > 
AlGaN ■ AlInGaN > InN » InGaNR 

GaN I^WKgfc2*Mb*Mb£4*J • 

80. ^a*if«fiJig@ll79«^ni-vm'fb 

m. m-v jRfbMim A^sAJi'ia 

£?ft000i)raK9ARMHltAM:& 

81. a*«Wf!W»793!Kin-v«ffc 
«l3fr9Am?KM&f4! • 

m m-y ftHkttHU A£MM Jl 
W<ri20>«fa^i^i - 

& m-y nfldmiOk A^iAJM 
W<1010>€i!l^l^I • 

83.$nENW^ij^s^79^^m-v®'fb 

@E m-y ftff^ms A23HMM 

W<1120>M<1010>^6g^i!l^|R] . 
84.Sn^ni»pj«SBI^793gijn-v«ft 
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85.$D*ff«flJ«gfflm79^^m-V®{b 

5. ttmsAflNre&Hrew ■ 

m m-v *Mb&ra5 A££ A»& 

^AttESEfcJAlInCaNllAB • 

87. a*nnRijiiBi»79ii3an-viMb 
lainiKaAittw^iKHiefli - 3t+ 

10. |» FS GaN ^W$Mft AlGaN 

88. $a *mppj«Bse79«2an-vawb 

15. 5E8 • 

89.SD*if»^J«glHm79®2:in-v«Mb 

5E7 • 

20. 9o.m$mmmmm79m2.m-vmt 
«RfrsAm?tes«s«i - am 

5E6 ° 

9i.ai*B9l?fiJfBHSl79^ra-vaMb 
25. ft|fmMm?KB£tt • 

30. vsmmm&mm^-giw&m • ^+ 

93.-TO«?S£B « M^ffiKSfi 

35. - m-v mbvamnm&zm&mz. 

m-v ftfcftHH AftVHBSe 
M.ffl*ilWPJWH!&M9K:Wt™ 

B ' $£&^UVLED ■ 

40. 95.m*mmmmm9m2.mm?m 
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S ' AlGaN/GaN &W3 

tt«M(HEMT) - 

mmiR- in-v *Mb«iHi|Rgffi2: 

m ' - mm^mwm cte 

mammm ■ 

m i ft fs GaN ^mn no mm* 

l|2Si^^— >tH12.FS GaN 
W 2.5 GaN MOVPE 

B3M^B^5$-M-|11^FS GaN 

mm±.&) 7.5 GaN movpe mmz. 

130ffifiR*fcfi-. 

II 4 ft 65 fgjfc*n^;t • 

^W^fftFSGaNg-&° 

■I 5 ft 65 fgf&*nMK- ' mm 

mmmm 4 sg-h&jtftj* 2.5 

B6ftHlS GaNJg£gfc*255fg2;fifc 
H 7 ft CaN PIN/10 GaN £J| 

11 8ft 11 7 mgkm g-Mmm— m w 

H9feS*©taBE2.HVPE GaNg 

fe&it±;£ 10 ft*9AM2ni8t*il£ 

« . DCXRD FWHM fflBfXWiamtit. 

*fb£ttH • 



14 

11 10ft£f GaN MOVPE g^ H S§ 10 
WC* HVPE GaN /fiKHBtftllHtlt 

H • ^MMfFty(Si) = 3el8 WrF/lL 
5. ' *(0) = 3.5E18 /3xM*K: 

#® > fita^ins/jN*a(s)j|ij*= 

• S*iIiffla§S*iag • 7j< 
io. spWffiM^M . 

Hl2ftttffl«aaN3£«itat& 

&mf#t£ftMi$ - w»kMHi$tfci£ 

HI 13 ftfl£ffl«»2p:aWS:-OT 

15. B9*f«GaNs«»a^sm»«a[ftM5 

i^rii#jsifti$»Rs = 5Ei6 k?/ 
20. sl^m* • waffnn^n • 

■I 15ft5$ lOggtffcHVPE GaN/M 

25. ffl 16«^^SJ§*«3fcSEFS GaN 

51 10 GaN'MJl^ AFM Jf 8§<j§> 

11 17 ftJ§*iS3fcSEi. FS GaN Jt 
30. 10«GaNg H H B ±KGaN PIN 51 
DCXRD ftfg . 

Hi 18 ft^ftM FS GaN 

HI 19 ft 10 tft^ GaN g^ MOVPE 
35. ff^iS^fiEFS GaN £ 130fgfifc^ 

HI 20 ft£ J|{* A#»/J\6±ttli 

(AFM)JBttfctf- . 
40. m 21 ft£SS$A:ff*/hJ6LLfcJS 
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a£iott#x 10 m*m?xm'mm 

28 X 20 ft*JH?£KtRit 

(AFM)ffi««M- • 5. 

H23JB^m!*iS3fe«[FS GaNg 
Sulfite 130 «fifc*«tt«tf- • 

ffl24^10$r7RGaNSIIS$FS GaN 
±^130^g(^;li«it • NH 3 =TO 
(2.2slm)RSHg|E^ = TO(100ft 10. 

H25fel0^[^GaNS^5$FS GaN 

±zi3o{gmi:mmmft > nh 3 = 2 x 

«HK4.4slm)XJg|iSK* = «it*(100 

*£Ef) • is. 

■263felOafc*GaNSftKFS GaN 
±£l30te»:*;«»fctf- ' nh 3 =^i 
{2.2s]m)RMmmW3= 2 xg!|[(200 

n27^10fK^GaNSAS^FSGaN 20. 
±5H30«SJ[>«c«««M- • NH, = 2X 

(200 ft:?) - 

m2S% !l 5fcM%M2.PS GaN^jfit;£ 

i3omm*mmitiK> 25. 

m 29 m 28 21 10 ft* GaN 

i B B H Kifei 130 mts&Mnmft • 
n fs GaN ±2Mm2.mmm ft > mm 30. 

B31feaaH0«*GaNM^ 
n 10 HVPE GaN /M»5JSJi^ 

H32AS32CB*FSGaN*iB3|fi 35. 

m 33 %,mm&±m$&±2Mm 
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H34H^^W0 1000 
« GaN 2: 1 0 tft* HVPE GaN / 

MS5JSJ1±£ led agates® . 

HI 35 m&fe 1 0 HVPE GaN / 

m&TjmmxMtommtz. GaN s 

m 38 jH^g«**itiMe« 

ia$t(B)^s.m®7 , N^^iHi$T;(C) . 
H 40 jH^S1£WMM^Pi§ 

t£ » - - - - 

H4i m^msxmmsiamm 

@43|i^spag|!fe^JWFS GaNg 

n 44 m^m^n s m±±mnm 

Effl 45 ^K^SSfctlnGaN f££ 
I^HMM^(DH)LED §tfH£ WW 

m ' 

m 46 % 0.25 i mis pin n FS 

GaN * SIC&HVPE GaN/KSf5_tS$ 
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NH3 + H2 
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